Objective: Multiple interventions are available to reduce excess body weight in children. We appraised the quality of evidence supporting each intervention and assessed the effectiveness on different obesity-related outcomes.
C hildhood obesity is a serious public health problem, not only in the United States, but also worldwide. According to the Centers for Disease Control and Prevention, the prevalence of obesity in children aged 6 to 11 years has increased substantially from 7% in 1980 to nearly 18% in 2012. Likewise, the prevalence of obesity in adolescents aged 12 to 19 years has increased from 5% to nearly 21% during the same period (1) . Strong evidence showed the persistence of childhood obesity into adults. The estimates showed that the risk of adult obesity was $2 times greater for obese children than for nonobese children (2) .
Childhood obesity is considered as a multisystem disease (3) . Several studies have reported many short-and long-term comorbidities associated with childhood obesity, including type 2 diabetes mellitus, hypertension, early puberty, menstrual irregularities and polycystic ovary syndrome, steatohepatitis, sleep apnea, asthma, benign intracranial hypertension, musculoskeletal disorders, and psychological problems. It has also recently been linked to increased cardiovascular mortality in adulthood (4) (5) (6) .
Interventions to treat obesity can occur at multiple levels. Such interventions include behavioral, pharmacological, and surgical treatments. Evidence-based guidance is needed to help clinicians recommend an intervention that will be effective and consistent with the values and preferences of the patients and their families. The first step in developing such recommendations is to assess the quality of evidence (i.e., certainty in the evidence). The Endocrine Society task force charged with developing guidelines on the management of obesity in children commissioned the present systematic review. The aim of the present review was to appraise and summarize the evidence supporting the various interventions used to treat pediatric obesity.
Methods
We followed a predefined protocol developed by a taskforce from the Endocrine Society to conduct the present systematic review. The reporting of the review followed the standards set in the Preferred Reporting Items for Systematic Reviews and MetaAnalysis statement (7) .
Because of the availability of multiple systematic reviews comparing interventions of weight loss for obese children, we used an "umbrella" approach or "a systematic review of systematic reviews" (8, 9) . This approach, also termed by the Cochrane Collaboration as an "overview of systematic reviews," relies on search strategies of well-conducted systematic reviews to identify primary studies that fit specific inclusion criteria. An a priori protocol defines which systematic reviews are chosen, how their credibility is evaluated, and how the quality of the body of evidence is rated.
Eligibility criteria for trials
For randomized controlled trials (RCTs), we sought trials that had enrolled overweight or obese children (.2 years old) and adolescents and evaluated interventions to treat pediatric obesity (medication, surgery, lifestyle interventions, and communitybased interventions).; RCTs were eligible if they had compared any of these interventions against usual care or each other and had follow-up data for $6 months available.; RCTs published in any language were included.
Eligibility criteria for systematic reviews
The reviews had to have included explicit inclusion and exclusion criteria and to have searched .1 database. Their title or methods had to have explicitly identified the study as a systematic review and not a narrative review, and they were required to be published in English. If multiple systematic reviews were available for 1 intervention and outcome, we first chose the most recent and next the one with the greatest credibility as judged using the A Measurement Tool to Assess Systematic Reviews (AMSTAR) criteria (10, 11) . We included $1 systematic review per intervention.
Outcomes
We evaluated the change in body mass index (BMI; absolute change, percentage of change, percentile of change, or z-score change) and change in weight (absolute change, percentage of change, or percentile of change). We also evaluated the change in metabolic outcomes, including glycosylated hemoglobin A1c, fasting blood glucose, oral glucose tolerance test, systolic and diastolic blood pressure, lipids panel (total cholesterol, lowdensity lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides), and liver function tests (alanine transaminase, aspartate transaminase, gamma-glutamyl transpeptidase).
Search strategy
A comprehensive search of several databases from each database's earliest inception to February 12, 2015, was conducted. The databases included Medline In-Process and Other Non-Indexed Citations, MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, and Scopus. The search strategy was designed and conducted by an experienced librarian with input from the study's principle investigators. Controlled vocabulary supplemented with keywords was used to search for systematic reviews and meta-analyses of interventions for pediatric obesity. The search strategy is detailed in Supplemental Table 1 .
Data synthesis and selection of systematic reviews
The search output was uploaded into an online reference management system (DistillerSR; Evidence Partners, Ottawa, ON, Canada) to allow for fast and transparent processing with real-time tracking and evaluation of inter-reviewer agreement and the progress of the reviewers. Two reviewers working independently considered the potential eligibility of each of the abstracts and titles that resulted from executing the search strategy. The reviewers requested the full text versions of all potentially eligible studies. Full text manuscripts of the references on which reviewers disagreed were also retrieved for evaluation. Two reviewers working independently considered the full text reports for eligibility. Subsequently, the disagreements were resolved by consensus, and if not possible, by arbitration by a third reviewer. Agreement was measured using the kappa statistic. The data extracted included the description of the participants, details of the interventions, the effect sizes reported with confidence intervals for the outcomes of interest, and risk of bias indicators.
Assessment of methodological quality of systematic reviews and quality of evidence We used AMSTAR (10, 11) to assess the credibility of the included systematic reviews (Supplemental Table 2 ). The AMSTAR tool has 11 items that evaluate whether a systematic review had a protocol, followed appropriate procedures in study selection and analysis, explicitly reported study characteristics and quality, and evaluated publication bias. From these items, a semiquantitative score (0 to 11) or a global judgment can be used to describe credibility (10, 11) . We evaluated the quality of evidence using the Grading of Recommendations Assessment, Development, and Evaluation approach (12, 13) .
Statistical analysis
For each outcome of interest, we extracted the pooled estimates, if available. If not available, we conducted a random effects meta-analysis to produce them. We extracted the mean differences from all but 2 studies (14, 15) , in which the standardized mean differences were reported. The selection of the standardized approach resulted from the different methods used in reporting the outcomes of interest. We used the DerSimonian and Laird method with the heterogeneity estimated from the Mantel-Haenszel model. The I 2 statistic was used as a measure of heterogeneity, where I 2 .50% indicated high heterogeneity. All analyses were conducted using STATA, version 13 (StataCorp LP, College Station, TX).
Results

Study selection
A total of 1245 citations for systematic reviews were identified by the electronic search strategy, of which 388 were eligible for full text screening. Of the 388, 16 systematic reviews summarizing data from 133; RCTs (30,445 participants) were included in the present analysis. The screening process is presented in Figure 1 . Table 1 presents the selected characteristics of the systematic reviews, including the description of the intervention, comparison, and outcomes; length of follow-up; and credibility score.
Overall, the systematic reviews had good credibility, with a mean AMSTAR score of 9.5 6 0.8. Of the 16 systematic reviews, 15 followed an a priori plan and adequately assessed heterogeneity, and 14 performed a comprehensive literature search, publication bias assessment, and included trials, regardless of their publication status. Only 13 indicated duplicate study selection and data extraction and listed the included and excluded studies. All 16 systematic reviews listed the clinical characteristics of the individual trials and all reported authors' conflicts of interest (Supplemental Table 2 ).
Effect of interventions and quality of evidence
The main results are summarized in Table 2 , listing each category of interventions with the pooled effect size of each outcome of interest, its baseline value, and the quality of evidence.
Physical activity interventions
Multisport and aerobic exercise interventions reduced systolic blood pressure (moderate quality evidence) and fasting glucose (low quality of evidence) (16) .
Dietary interventions
A comparison of a low-carbohydrate diet with a standard low-fat diet yielded no statistically significant differences in terms of BMI or BMI z-score reduction (moderate quality of evidence) (17) .
Education-based interventions
Education-based interventions (compared with usual care) significantly lowered diastolic blood pressure (moderate quality evidence), BMI (low quality evidence), and waist circumference (low quality evidence) but did not substantially reduce systolic blood pressure (very low quality evidence) (18) .
Pharmacological interventions
Sibutramine significantly increased systolic and diastolic blood pressure (low quality evidence) (19) . Sibutramine and orlistat, compared with placebo, significantly reduced BMI (high and moderate quality evidence, respectively) and waist circumference (high quality evidence) (19) . Metformin and conjugated linoleic acid significantly reduced BMI (low quality evidence) (20, 21) . Sibutramine use was associated with a modest increase in high-density lipoprotein (moderate quality evidence) but did not substantially reduce low-density lipoprotein (low quality evidence) or triglycerides (very low quality evidence) (19) .
Surgical interventions
The average BMI difference after surgical interventions from baseline to 1 year was 213.5 kg/m 2 (95% confidence interval, 215.1 to 211.9). The BMI loss was greater after Roux-en-Y gastric bypass compared with laparoscopic adjustable gastric banding (22) . Laparoscopic adjustable gastric banding resulted in BMI press.endocrine.org/journal/jcem 
Combined approaches
A combined approach of education and physical activity significantly reduced the BMI (low quality evidence) (14) . A comparison of dietary modifications and exercise to dieting alone did not yield a statistically significant difference in BMI (low quality of evidence), highdensity lipoprotein cholesterol, or triglycerides, although it reduced the body fat percentage (low quality of evidence) (23) . A combined approach of dietary modification, physical activity, behavioral therapy, and education substantially reduced systolic and diastolic blood pressure, BMI, and triglycerides but not low-density lipoprotein cholesterol (low quality evidence) (24) . Finally, family-based interventions, including both the parent and the child, compared with parent-only interventions, did not yield substantial differences in BMI (low quality evidence) (25) .
Discussion
The purpose of the present systematic review was to evaluate the quality of the supporting evidence for the various available interventions for pediatric obesity. The quality of evidence (also called confidence in the estimates of effect and certainty in evidence) is an essential component for decision making. Guideline developers and clinicians engaged in shared decision making need to know the confidence that the available evidence warrants. They also need to convey such confidence to patients and incorporate other factors such as patient values and preferences, costs, resources, availability, and feasibility of the intervention and the clinical context in choosing a weight loss strategy (93) .
We found that comprehensive nonsurgical interventions combining diet, physical activity, education, and behavioral therapy were associated with relevant improvement in terms of weight reduction and metabolic outcomes, including important improvements in systolic and diastolic blood pressure and triglycerides. Many comprehensive lifestyle pediatric weight management programs improved both body composition and metabolic parameters (94, 95) . These findings are in line with evidence from previous meta-analyses suggesting that intensive lifestyle modification programs can be effective tools for pediatric weight control in both the short and long term (96, 97) . Evidence also suggests that the longer duration and intensity of such interventions and older child age were all related to better weight loss outcomes (98) .
Interventions involving exercise alone (without calorie restriction or education) resulted in improvements in blood pressure but did not cause weight loss. Only when exercise was combined with diet or education were important reductions in body weight measures noted. Current recommendations state that school children and adolescents should receive a minimum of 30 to 60 minutes of moderately vigorous physical activity and $60 minutes of aerobic physical activity each school day (99) . Additionally, exercise periods as short as 20 minutes 5 times weekly appear to have substantial positive outcomes, especially a decline in insulin resistance and increased overall fitness (100).
The type of diet did not seem to differ substantially in terms of weight loss (low-carbohydrate versus standard low-fat diet), confirming recent findings from a metaanalysis of children and adolescents suggesting that improved weight loss can be achieved regardless of the macronutrient composition of the diet and mirroring similar results found in adults (17) . Several pharmacological interventions have been used to treat pediatric obesity, including off-label use of metformin, sibutramine (now unavailable in the US market), over-the-counter product conjugated linoleic acid, and Food and Drug Administration-approved orlistat for weight loss in overweight and obese children. Although all resulted in a substantial reduction in BMI, important limitations were observed. Sibutramine resulted in a relevant increase in both systolic and diastolic pressure and was withdrawn from the US market because of an increased risk of serious cardiovascular events. Evidence supporting weight loss from conjugated linoleic acid was derived from a single study with 53 participants (65) . In addition, metformin appears to have similar minimal weight loss effects as in adults and should only be used in children aged $10 years. Orlistat remains the only Food and Drug Administration-approved drug for treatment of childhood obesity for those aged $12 years.
We also found that surgical interventions resulted in the largest reduction in body weight. However, this evidence was essentially derived from a single trial of laparoscopic adjustable gastric banding and included a small number of participants (,30), with multiple crossovers (66) . Most importantly, laparoscopic adjustable gastric banding has had high reoperation and long-term complication rates, which increase with time and, thus, is rarely used anymore (101, 102) . Roux-en-Y gastric bypass has been used in obese children and adolescents and was associated with a large BMI reduction in nonrandomized studies (22) . Sleeve gastrectomy has been also used in children in a nonrandomized study and demonstrated weight loss in .90% of pediatric patients, with $70% comorbidity resolution during #24 months of follow-up (103) . Evidence on surgical complications was not well reported and warrants low certainty. The complications that have been reported varied by the surgical technique and included pouch dilation, port leakage and slippage requiring remedial operations, nutritional deficiencies, hernias, wound infections, small bowel obstructions, cholelithiasis, and ulcers (22) . Evidence on the resolution of medical comorbidities after surgery was also sparse. In general, surgical interventions to treat pediatric obesity have been mainly restricted to advanced cases with multiple comorbidities and refractory to nonsurgical interventions.
Finally, we found no statistically significant change in the BMI z-score when comparing family-based interventions Abbreviations: 1, risk of bias (determined by trials' randomization, allocation concealment, and loss to follow-up); 2, inconsistency [determined from statistical measures of heterogeneity (I 2 .50%)]; 3, indirectness (determined by how similar a study population and intervention were compared with current practice); 4, imprecision (quality of evidence rated down owing to imprecision if CIs of estimates of effect included appreciable benefits and harms); 5, Publication bias (determined present if statistical tests such as Egger's regression suggested small study effect); BP, blood pressure; CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density protein; NR, not reported. a The number of patients and trials refer to those included in each outcome and were often different from those included in the entire systematic review. press.endocrine.org/journal/jcemwith parent-only interventions. A 2008 meta-analysis of randomized pediatric trials of combined lifestyle interventions for treating obesity, however, showed a modest but relevant decrease in BMI when interventions involved the family. When the parents were not specifically included, the effect on weight loss was not substantial (15) . An evidence-based review of pharmacological interventions for pediatric obesity also highlighted the importance of concomitant intensive lifestyle interventions, dietary, exercise, and family counseling for best weight loss outcomes (104) . Thus, having the family of an obese child involved in the various weight loss interventions appears to be essential. The limitations of the present systematic review relate to the nature of behavioral, exercise, and dietary interventions. These interventions are usually tested in open, unblinded trials, are complex, and have multiple components, making them difficult to study and replicate in real world settings. Replicating multicomponent and multidisciplinary interventions tested in trials in daily practice can be challenging and requires substantial resources and expertise. Finally, umbrella reviews (overview of reviews) are limited by the quality of the original systematic reviews. The strengths of the present evidence synthesis attempt relate to the a priori protocol that was developed in collaboration with the Endocrine Society experts and the duplicate process of study selection and appraisal.
Conclusion
Several childhood obesity interventions are effective in improving metabolic and anthropometric measures. A comprehensive multicomponent intervention, however, appears to have the best overall outcomes.
